Latin America embodies countries of special interest for ecological studies, given that areas with great value for biodiversity are located within their territories. This highlights the importance of an evaluation
INTRODUCTION
The overall scientific production of Latin American countries rose almost 200 percent between 1988 200 percent between and 2001 200 percent between (Hill 2004 . Especially in the last two decades, the Brazilian scientific output quintupled (Van Noorden 2014) and the Argentine number of science doctorates increased tenfold (Catanzaro et al. 2014) . Despite this robust increase, the contribution of these countries to the world scientific production is still low ) when compared to Europe and USA, which contribute with more than 30% each to worldwide publications (Glänzel et al. 2006) . In addition, studies carried by Latin American (LA hereafter) authors receive much less citations than others
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JULIANA WOJCIECHOWSKI et al. carried out by authors from developed countries of Asia, Europe, North America and Oceania (Hermes-Lima et al. 2007 ). For example, Brazil ranked first in Latin America and 17 th in the rank among 146 countries in terms of overall scientific production, but drops off to the 91 st position in terms of citation per article (data from a 10-year country ranking of ISI Essential Science Indicators consulted in June 2016; In-Cites 2006). In South America, the highest citation impact weighted by research belongs to Peru, whereas two-thirds of South America's science personnel are in Brazil and the highest proportion of researchers per workers belongs to Argentina (Van Noorden 2014). Socio-economic and political instability, inertial effect of dictatorial regimes and language barriers are possibly the main reasons accounting for the relatively low scientific production and impact of the research conducted in LA countries (Catanzaro et al. 2014) . Even so, areas of special interest for ecological studies are located in LA countries, since within their territory there are seven out of 25 hotspots for biodiversity conservation priorities (Myers et al. 2000) . Latin America is the most complex ecological area on Earth considering its primary productivity, biotic and ecosystem-level diversities (Toledo and Castillo 1999) . Furthermore, LA habitats are facing several environmental problems such as deforestation, inefficient land-use practices, biodiversity loss, contamination of surface waters, depletion of aquifers and soil erosion (Martínez et al. 2006) . Thus, the evaluation of ecological research conducted in Latin America is useful to inform policy makers and support management efforts aiming mitigation of environmental pressure and conservation of biodiversity and natural resources (Martínez et al. 2006) . Thereby, the development of Ecology as a science must be a priority to LA researchers due to high anthropogenic alterations on natural environments (Toledo and Castillo 1999) .
Scientific production on a particular research area reveals its trends and gaps (Verbeek et al. 2002 
General trends of LA scientific publication
We firstly analyzed the percentage of articles authored by at least one researcher from LA. It is important to emphasize that we considered as LA authors those authors who were affiliated to Latin American institutions, regardless their nationality. This percentage was plotted against the total scientific production in the selected journals versus publication years. Therefore, we could visualize temporal trends in LA publications after controlling for the increase in published studies. Moreover, to identify which country had the fastest growth rate in terms of scientific production, we plotted the percentage of articles of authors from each country separately versus publication years. We also plotted the percentage of LA articles in the period of 2000-2014 against the 2014 Impact Factor (JCR-2014) of journals in which they were published. We classified the articles according to different types of co-authorship to evaluate international collaboration as follows: (a) NonLA-LA -articles in which the first author was from a Non-Latin American country and all the co-authors were from Latin America; (b) LA-NonLA -articles in which the first author was from Latin America and all the co-authors were from Non-Latin American countries; (c) LA-LA -articles in which the first author was from Latin America and all the co-authors were from Latin American countries, at least one co-author from a different Latin American country from the first author; (d) LA-Both -articles in which the first author was from Latin America and there was at least one coauthor from Latin America and another one from a Non-Latin American country; (e) NonLA-Both -articles in which the first author was from a NonLatin America country and there were co-authors from Latin American and Non-Latin American countries; and (f) LA-None -only authors from the same Latin American country, i.e., articles that had no international co-authorship. We then evaluated the effect of co-authorship and number of authors on citation counts by using an Analysis of Covariance (ANCOVA). Considering that the age of publication affects intrinsically the citation of the papers (Gingras et al. 2008) , this variable was treated as a co-variable in ANCOVA. We evaluated which cooperation type was mostly associated with high citation of the articles by comparing the slopes or the intercept of the linear regression (depending on the homogeneity of slopes analyses). We did the same considering number of authors versus article citation. Higher citations along the time span were associated to higher absolute values of slopes (in case of non-homogeneous slopes) or intercepts (in case of homogeneous slopes).
Characteristics of Latin American scientific production
In order to describe Latin American publication in Ecology, we analyzed the abstracts of all Latin American articles published in two journals in our database: "Journal of Tropical Ecology" (JTE; 1078 articles, Impact factor 2014 = 0.904) and "Ecology Letters" (ECL; 2086 articles, Impact factor = 10.689). We considered these journals representatives of the publications, since they have numerous articles. In addition, it would be roughly impracticable to analyze the abstracts of all articles of the selected database. Also, JTE have specific focus on tropical region, where most LA countries are located; whereas ECL does not have geographic bias.
We analyzed the articles regarding environments and ecosystems under study, levels of ecological organization, organism or variable on focus, data organization approaches, and main theoretical approach. Categories for characteristics assessed are detailed in Appendix S3. Some abstracts did not provide all necessary information and some of them have studied more than one environment or ecosystem. Then, the relative number of articles could be higher or lower considering each characteristic analyzed. We used chi-square tests to assess if there were differences between journals, considering the categories for each analyzed characteristic.
RESULTS

GENERAL TRENDS OF LA SCIENTIFIC PUBLICATION
Despite the low percentage of LA articles in relation to the total published articles in the journals obtained from the search on ISI's Web of Science ® (maximum 9.3%), Latin America scientific production in Ecology has been increasing. There was a prominent increase over the time span analyzed, but the faster increase occurred between 2000 and 2005 ( Figure 1a) . The most productive countries considering LA first authors were Brazil, Argentina, Mexico and Chile (Figure 1b) . Despite the low production considering first authors between 2003 and 2004, Brazil showed the fastest growth (slope of linear regression = 0.52). Argentina also showed increased scientific production (slope of linear regression = 0.39), while other countries remained stable (Figure 1b) .
In general, journals had low contribution of LA researchers (Figure 2 -2.85, -2.85, -2.83, -2.59 and -2.16, respectively).
CHARACTERISTICS OF LATIN AMERICAN SCIENTIFIC PRODUCTION
LA articles significantly differed between JTE and ECL considering the environment studied (χ 2 = 41.18, d.f. = 3, P < 0.001). Only one article dealt with marine environments in "Journal of Tropical Ecology", whereas freshwater ones were rarely focused on "Ecology Letters" (4 articles; Figure  4a ). However, terrestrial environments were more studied in both journals (74% and 88%, respectively; Figure 4a ). The journals also differed regarding ecosystems (χ 2 = 133.28, d.f. = 9, P < 0.001). In both journals, the studies were carried out mostly in forests (Figure 4b ), while lentic waters, arid and semiarid ecosystems, ocean and steppe were poorly studied ( Figure 4b ). Coastal shoreline ecosystems were recurrent on ECL, whereas savannah had higher publication numbers on JTE (Figure 4b ). No articles dealt with steppe and ecotone forest-steppe on ECL. JTE and ECL had the same characteristics when considering the ecological organization level of the researches (χ 2 = 1.5, d.f. = 4, P > 0.108). In both journals, communities were more studied followed by populations, ecosystems and individuals ( Figure  4c ). LA articles from these two journals differed considering the organism or variable focused (χ 2 = 31.44, d.f. = 7, P < 0.001). In both journals, studies focusing on plants were much more numerous, but particularly in JTE, followed by vertebrates and invertebrates ( Figure 4d ). No articles dealt with virus on JTE. Surveys or observational studies were much more numerous in both journals in relation to other organization approaches (i.e., reviews, metaanalysis or methodological approaches; Figure  4e ). However, JTE and ECL differed considering organization approaches (χ 2 = 114.48, d.f. = 6, P < 0.001) due to the higher number of surveys articles in JTE (almost 80%) compared to ECL (less than 50%), and the higher number of modeling articles in ECL (18%) compared to JTE (1%). There were few review and methodological articles published by LA authors in both journals. In addition, there were no meta-analysis on JTE (Figure 4e ).
ECL and JTE also differed considering the main theoretical approach (χ 2 = 16.51, d.f. = 8, P < 0.036). "Interactions" was the theoretical approach mostly considered in both journals, but particularly in ECL (Figure 4f ). Articles focusing on "Community structure or fluctuation" and "Community assembly" were common in JTE, whereas "Disturbance" and "Population fluctuation or distribution range" were recurrent in ECL (Figure 4f ).
DISCUSSION
GENERAL TRENDS OF LA SCIENTIFIC PUBLICATION
Latin America is passing through a process of increasing number of publications in Ecology.
Although the development of Ecology as a formal discipline in Latin America is recent Toledo 2000, Martínez et al. 2006) , the growth of ecological publications by Latin Americans is very similar to the observed in other traditional scientific fields (between 1988 (between and 2001 (between , Hill 2004 . Nevertheless, the LA contribution to Ecology is still small (less than 10% of ecological articles published per year; see Figure 1a ). Considering that the Neotropical region (which comprises the Latin America) has unique characteristics and has been facing severe environmental threats, the growth is still unsatisfactory. Previous studies have also shown that Brazil, Argentina and Mexico are among the LA countries with relatively high scientific expression (Stocks et al. 2008) . Accordingly, these countries are among the largest economies in the region (World Bank 2007); besides, when compared to all countries in this region, they present the highest investment in scientific research (Macilwain 1999) . High scientific production has been related to economic development (May 1997). However, LA science investments has not been growing at the same rate of publications ). Expenses in Latin America scientific research, relatively to the gross domestic product, are at least two fold smaller than in developed countries (Zenteno-Savín et al. 2007 ). Unfortunately, it seems that LA policy makers are not considering scientific research to solve their countries' problems (Martínez et al. 2006) . This is particularly relevant for ecological publications, given that LA has high biodiversity of all biological groups, e.g., one of the highest species richness of vertebrates and plants in the planet (Myers et al. 2000) , and investment in ecological science is thus central.
Participation of LA countries was smaller in high impact journals, as also has been found by other authors (see Stocks et al. 2008) . We found higher LA participation in journals devoted to publish studies conducted in Tropical or Neotropical environments. Even so, LA researchers only authored 46% of the articles published in "Biotropica" and 38% of the articles published in "Journal of Tropical Ecology", which only accept studies carried on tropical ecosystems. Thus, LA researchers presented relatively low scientific expression, even in tropical environments. The high percentage of articles in low impact journals seems to be a natural trend of nations with low scientific tradition, and are related to the quality/relevance of articles and/or social-psychological reasons (Meneghini et al. 2008) . Additionally, this context feeds the vicious circle that affects the development of LA journals: local journals are relegated or viewed as simply recipients of manuscripts not accepted outside or with a high probability to be rejected in journals with high impact factors. This judgment might be due to a variety of reasons, including the authors' perceived value of the manuscript, the subject focused on local problems or interests, and language barriers (Packer 2001) . Increases in the budgetary or human resources (see MoyaAnegón and Herrero-Solana 1999), theory-oriented studies, and advances in international cooperation (including with Latin American countries among themselves) may change this panorama and stimulate the development of Ecology as a science in the region.
The past decades experienced a strong increase in the international collaboration, as measured in internationally co-authored scientific publications (ISI 2007 , Van Noorden et al. 2014 . Unfortunately, this increase was lower in Ecology, which may be attributable to the less internationalization of biological sciences (Jappe 2007) . Considering that environmental problems and related innovation needs are ubiquitous, international collaboration of students and graduated researches must be improved to provide intellectual and financial support to Neotropical and undeveloped countries (Stocks et al. 2008) . Here, we identified that international collaboration is central to improve visibility, and consequent citations, of articles authored by LA authors. The USA, England, and other Englishspeaking coutries have mostly cooperated with tropical countries in ecological studies (see also Melo et al. 2006 , Padial et al. 2010 , Stocks et al. 2008 . Accordingly, the effect of international cooperation on citations can also be partially responsible for our observation that more authors are associated to more citations. Probably, there is a positive correlation in our data between international cooperation and number of authors. A modern tendency is that all scientific fields become increasingly interdisciplinary, combining authors, oftentimes from different subareas (Nabout et al. 2015) . Moreover, it is possible that the higher the number of authors, the larger the network of scientists that might know of one of them and, thus, cite them (Leimu and Koricheva 2005) . However, it is also likely that international cooperation and numerous authors improve the quality of articles, explaining the increase in citation counts (Padial et al. 2010) . Simultaneously, it seems that the relative number of single-authored biological papers is decreasing over the years (Nabout et al. 2015) .
CHARACTERISTICS OF LATIN AMERICAN SCIENTIFIC PRODUCTION
Modest attention dispended to aquatic environments is startling in LA studies, since Neotropical marine and inland waters support a huge number of species (Agostinho et al. 2005) . In addition, these environments are facing numerous anthropogenic threats and habitat degradation (Agostinho et al. 2005 , Vitule et al. 2012 ). This result is similar to those found by Siqueira et al. (2015) who found that amongst 1,156 papers investigating species richness, 74% did that in terrestrial habitats whereas 21% addressed aquatic habitats. On the other hand, the predominance of studies performed in forests such as Amazon and Atlantic forests may be explained by the fact that they are the most diverse in the world (Myers et al. 2000) . Another explanation could be that most of Brazilian research centers are located within the highly threatened Atlantic forest biome (see www.capes.gov.br). Studies carried on Savannahs were mostly due to the "Cerrado"; a Neotropical Savannah located in Brazil and one of the seven Latin American hotspots for biodiversity conservation (Myers et al. 2000) . On the other hand, studies carried in arid and semi-arid ecosystems were present due to the extensive and biologically unique areas of Chilean and Argentinean deserts.
Once again, historical influences of Ecology may be partially responsible for the predominance of studies dealing with plants, since several pioneer studies focused on this biological group (Clements' and Cowles' publication about ecological succession). The term "Ecology" was first used in America by botanists (Real and Brown 1991) . Besides, Eugene Warming carried important ecological studies in Brazil during the XIX century, mainly with amphibian and aquatic vegetation. Another explanation is that plants are sessile macroscopic organisms easy to manipulate, which facilitate ecological studies. It is also interesting to notice the scarcity of articles dealing with bacteria and fungus, organisms associated to important ecological processes such as nutrient cycling (see Figure 4d) .
The predominance of studies at the community level indicated that Latin Americans were interested in understanding biodiversity ( Figure  4c) . Indeed, community studies are essential to support biodiversity conservation and management of ecosystem functioning and must be encouraged, especially facing the increasing environmental threats in Latin America (Hardoy et al. 2010 ).
The high percentage of observational studies (i.e., surveys, see Figure 4e ) indicates that most LA investigations are still carried in a preliminary way, since surveys are the first step for scientific knowledge improvement (Kothari 2014). Indeed, hypotheses are firstly generated by observing the environment (Peters 1991), the assessment of these hypotheses could be done by (in situ or in vitro) experiments. Also, the low percentage of articles using modeling techniques, meta-analyses or reviews (mainly in JTE, see Figure 4e ) highlighted the recent development of Latin Americans ecological researches. Situations like type II errors, isolated and presumably examples, and statistical significance emphasis are controlled and/ or reduced in a meta-analysis (Lajeunesse 2013), emphasizing the importance of these approaches for the development of science.
The most common theoretical approaches of LA articles were related to well-established theories (see Figure 4f) . Studies had mostly a descriptive goal, suggesting that ecological researches carried by Latin Americans are still in the basic ground. However, this can be still a worldwide panorama, and recent and intriguing theories may be less studied than well-established theories.
By analyzing article-by-article, we could describe the main trends and gaps of ecological researches conducted by Latin Americans. This is essential to guide future researches in LA. Although journal profiles differed regarding its publication features, the overall characteristics were similar; the low number of theoretical studies and the predominance of descriptive researches suggest that ecological research in Latin America is slowly growing and has not yet reached the maturity.
